Listeners asked to detect tones masked by noise hear frequent signals but miss infrequent probes, suggesting that they attend to spectral regions where they expect the signals to occur. The narrow detection pattern centered on the frequent target approximates that obtained in notched noise, indicating that attention is focused on the auditory filter. We measured attention bands in young and elderly listeners ͑nϭ5, 4; 20-25 and 62-82 years of age͒ for targets ͑800 or 1200 Hz͒ and infrequent probe signals ͑target Ϯ25-100 Hz͒ masked in wideband noise. We anticipated that their width would increase with age, as has been reported for auditory filters. A yes-no single-interval procedure provided detection probabilities and detection response speeds. Both measures showed near-linear declines with decreasing signal level, and graded decay functions as probe frequency deviated from the target frequency. Probes deviating from the target by 25 to 50 Hz were equivalent to a 2-dB reduction in signal level for both measures. The equivalent rectangular bandwidth ͑ERB͒ for detection approximated 11% of the signal frequency for each age group. Confidence intervals ͑95%͒ showed that the elderly ERB could be at most only about 20% larger than that of younger listeners.
I. INTRODUCTION
Stimulus detection is invariably difficult in the presence of masking noise, but this adverse effect is especially noticed by elderly listeners ͑Working Group on Speech Understanding and Aging, 1988͒. Masking is reduced in its severity when the spectral features of the signal are known to the listener, who can then selectively listen for these particular features while ignoring spectral regions in the masker where the signal is less likely to occur. The present experiment examined the hypothesis that the specificity of this beneficial listening strategy is diminished in the elderly. Our procedure depends on a classic observation in the psychophysical laboratory, namely, that auditory sensitivity depends in part on the recent history of stimulus presentation, so that repeated and/or recent exposure to a particular signal frequency leads to improved detection for a narrow band of tones centered on that signal ͑Swets et al., 1959; Tanner et al., 1956 . Greenberg and Larkin ͑1968͒ measured the shape and the spectral extent of the selective listening band by examining the effect on probe detectability of varying the relative occurrence of off-frequency probes as well as the degree to which they deviated from the tonal frequency of the target signal. The consistent outcome of the several procedures they explored through their series of experiments was that the more common target signals were detected at a high probability while the less common probes were detected less often: indeed, the most deviant off-frequency probes were detected only at a chance level even though all of the tones were presented at equivalent intensity levels. The response patterns that map stimulus detection onto spectral deviation of the probes from the target signal have been called ''attention bands '' ͑Scharf et al., 1987 , p. 222͒ or ''listening bands'' ͑Schlauch and Hafter, 1991 . These bands appear to reflect the development of listening strategies that are selected by the subjects, not necessarily intentionally, in order to maximize the detection of the expected target signals.
Swets and Kristofferson ͑1970͒ acknowledged that these band-pass filters could result from a listener's choosing not to report the presence of unfamiliar probes rather than a failure to hear them, but Scharf and his colleagues have more recently provided two persuasive lines of evidence supporting the hypothesis that the listeners do not hear the offfrequency probe tones. Scharf et al. ͑1987͒ found that informing the listeners that different tones would be presented across trials did not increase the detectability of unfamiliar probes, and also that probes that ''sounded the same'' as the target signals because of shared harmonic and octave relationships were not reported, while complex probes that ''sounded different'' but contained the same critical signal frequencies were detected. This latter effect further suggested to Scharf et al. ͑1987͒ that the attentional mechanism is focused on the sensory receptors in the cochlea, certainly below the higher auditory centers at which it has been sug-gested that harmonic and octave relationships are appreciated ͑Houtsma, 1995͒.
That the neural target of frequency selectivity is the sensory receptor is most strongly supported by two subsequent reports showing that sharply tuned attention bands are absent in patients who lack efferent control over the sensitivity of the hair cell along the basilar membrane ͑Scharf et al., 1994, 1997͒ . Efferent control of receptor sensitivity is provided by the olivocochlear bundle ͑OCB͒, which runs out from the superior olivary nuclei of the auditory brainstem through the vestibular branch of the statoacoustic nerve to terminate directly on the outer hair cells or on the afferent processes that innervate the inner hair cells ͑see, e.g., Warr et al., 1986; Wiederhold, 1986͒ . A surgical treatment for unilateral Meniere's disease is to cut the vestibular branch on the affected side, and thus its incidental consequence is to eliminate efferent control over receptor sensitivity normally provided by the OCB ͑as described in Scharf et al., 1994, p. 14͒ . While the effect of this surgery is minimal for most measures of hearing, an outcome that is critical in the present theoretical context is that these patients show a substantial increase in their detection of off-frequency probes in the probe-signal experiment. This effect is shown in comparisons of preoperative versus postoperative performance ͑see Fig. 5 , Scharf et al., 1994͒, or postoperative performance alone, in comparisons of listening to masked tones in the intact versus the impaired ear ͑see Fig. 5 , Scharf et al., 1997͒. In either case, when masked tones are presented to an ear that lacks OCB input, then all but the most deviant off-frequency probes are detected with the same high probability found for the target signal, while probe presentations in the ear with an intact OCB are not reported as being heard. These data are consistent with the idea that the neural target of the selective mechanism is the peripheral receptor. They also support the argument that the frequency selectivity obtained in these experiments results because the OCB normally attenuates receptor sensitivity at the probe frequencies rather than its being the product of a cautious reporting strategy: a cautious listener would be expected to censor any reports of hearing deviant tones regardless of the ear in which those stimuli had been presented.
The rationale for the present comparison of the attention band in elderly versus young listeners is based on these reports plus data described below showing that other aspects of OCB function change in elderly listeners, these suggesting that age-related failures in selective attention may contribute to their difficulty in understanding speech in noisy environments. Collet et al. ͑1990͒ showed in human listeners that transient otoacoustic emissions evoked by tone pips in one ear could be suppressed by presenting noise to the contralateral ear, and Castor et al. ͑1994͒ and Kim et al. ͑2002͒ showed that this suppressive effect is diminished in elderly listeners. It is understood that these emissions are the product of outer hair cell activity in response to the tone ͑Kemp, 1978͒, and that suppression results because the contralateral noise engages the olivocochlear system: the contralateral branch of the OCB crosses the midline and terminates on the outer hair cells, and then directly inhibits outer hair cell activity in the ear from which the emissions are recorded ͑Liberman, 1989͒. Thus the data reported by Castor et al. ͑1994͒ and Kim et al. ͑2002͒ suggest that there is an agerelated loss in OCB function that might also be observed in the selective listening experiment. Adding further to the interest in these effects are data showing a relationship between OCB activity and phoneme recognition in noise ͑Gi-raud et al., 1997͒. This work, together with the experiments of Castor et al. ͑1994͒ and Kim et al. ͑2002͒ , showing agerelated deficits in one aspect of OCB functioning, and the reports of Scharf and his colleagues ͑1994, 1997͒, showing the importance of the OCB for selective attention to masked stimuli, jointly suggest the hypothesis that a loss of selective attention may contribute to speech recognition deficits in the elderly presbycusic listener. This hypothesis gains some further support in demonstrations that the passband of auditory filters measured in notched noise increases with age ͑Patter-son et al., 1982͒, as at least in young normal listeners attention bands approximate the width of the auditory filter ͑Greenberg and Larkin, 1968, and others͒. More direct evidence for this hypothesis would be provided by a demonstration that elderly listeners do show relatively broad attention bands as assessed by the probe-signal method.
Our variant of this paradigm used a modified method of constant stimuli with a yes-no single interval procedure. The target signals were all at one fixed frequency, but were presented at a range of levels at a set time delay after noise onset. On some relatively rare occasions probe stimuli having different spectral frequencies were substituted for the target signal, these all presented at one fixed intermediate level.
The reason for using this ''yes-no'' single interval experimental design was that it allowed us to measure detection response times as well as detection probability. It has been known for a very long time that simple reaction times are faster when the observer expects a particular stimulus to occur at a particular time ͑James, 1890, Vol. 1, p. 425; Woodworth and Schlosberg, 1955, p. 28͒. Simple reaction times for detecting expected target signals versus infrequent probes have apparently not been examined in the signal-probe research design, save for one negative finding briefly described by Scharf ͑1998, p. 98͒ in an experiment that used target and probe signal levels a little higher than is typical for these experiments. Some studies of auditory attention have shown that being able to correctly anticipate the spatial location of a target tone increases the speed with which one tonal pitch can be discriminated from another in a disjunctive reaction time test ͑Mondor and Zatorre, 1995; Scharf, 1998; Driver, 1994, 1996͒ , but this information seems not to affect simple detection reaction times, so that, e.g., tones appearing at expected and unexpected locations are responded to with equal rapidity ͑Buchtel and Butter, 1988; Scharf, 1998; Driver, 1994, 1996͒ . Scharf ͑1998͒ described these effects, and suggested that the reason that the manipulations of spatial attention that substantially affect detection speeds for visual experiments have little effect in auditory experiments, first noted by Posner ͑1978͒, is based on a fundamental difference in the initial encoding of photic and acoustic events. The visual stimulus is always fixed at a particular site on the retina ͑in the absence of eye and head movements, of course͒, while the representation of the audi-tory stimulus is first diffusely distributed across the basilar membrane, and then contracts with an increase in its duration. One necessary consequence of this shift in the sensoryneural representation of tonal stimuli with their continued presentation is that the pitch of brief tones must be less salient than that of sustained tones: thus, for example, von Bekesy ͑1960/1929, p. 221͒ reported that two-tone discrimination progressively diminished at durations below 100 ms, and Moore ͑1973͒ showed that the frequency difference limen progressively increased as tone duration fell from 200 to 6.25 ms. It seemed thus possible to Scharf ͑1998͒ that the onset of a tone could be detected and responded to in a simple reaction time task before its tonal quality could be registered at the binaural neural mechanisms responsible for locating objects in space on which attention has been focused. This is a plausible explanation of the failure of attention to spatial location to affect simple reaction times, perhaps especially given the presentation of a high-level suprathreshold stimuli typical of the spatial attention paradigm. However, we suggest that a different outcome can be expected when attention in directed to spectral location in the probe-signal paradigm if the listening band is shaped at the level of the basilar membrane by centrally induced OCB activation, as the reports of Scharf and his colleagues described above indicate. In this paradigm the graded attenuation of hair cell sensitivity along the basilar membrane is assumed to be in place in preparation for the presentation of the typically near-threshold tonal signal in the noise background, and thus the fact that its initial representation may be relatively diffuse would not increase its detectability. Thus we anticipate that detection probability and detection speed should decline with increasing distance between the probes and the target signal, both showing the same degree of effective attenuation when mapped onto the detection rates and speeds of targets presented at lower levels.
To anticipate the outcome of this study, the hypothesis that stimulus selection should be equally effective in diminishing both probability and speed measures of detection was confirmed, but the hypothesis that the attentional mechanism should be less effective in the elderly listener was not: the shapes and bandwidths of the auditory attention filters were virtually identical in the two age groups.
II. METHOD

A. Subjects
Five young listeners ͑3F, 2M, ages 20 to 25 years͒ and four elderly listeners ͑3M, 1F, ages 62, 65, 67, and 82 years͒ took part in the experiment. The younger listeners were advanced undergraduate and graduate students at the University of Rochester who were recruited from an advertising poster, and the elderly listeners were working academics or retired academics still active in the community who were recruited by personal contact. All had their hearing tested before the beginning of the experiment. The young had normal hearing within Ϯ10 dB HL ͑ANSI, 1989͒ at all frequencies, and none complained of any hearing problem. The elderly had normal hearing for their age ͑see Sec. III͒.
B. Apparatus and stimuli
Hearing thresholds were assessed using a Bausch & Lomb Audiorater III with TDH-39P headphones, at eight frequencies: 125, 250, 500, 1000, 1500, 2000, 4000, and 8000 Hz. The stimuli in the attention paradigm included wideband noise and tone bursts, generated by a digital signalprocessing board ͓Tucker Davis Technologies ͑TDT͒ Array Processor 2 ͑AP2͔͒. The noise bursts were comprised of 3-s segments ͑including 5 ms linear rise-fall times͒ that were generated randomly by the AP 2 prior to the beginning of each observation period, transduced by a 16-bit D/A converter ͑TDT DA 1͒ and attenuated by a programmable attenuator ͑TDT PA 4͒ to an overall 60 dBA SPL. The noise bursts were routed through a signal mixer ͑TDT SM 3͒ to a headphone buffer ͑TDT HB 5͒ and presented binaurally over Beyer earphones ͑Beyer DT 48, having a relatively flat frequency response through 12 kHz͒ that were held in a circumaural cushion. A tone was presented a constant 2 s after noise onset on 65 of the 70 trials that comprised each observation block ͑the remaining 5 trials were no-stimulus catch trials͒. The tones were 200 ms in duration with linear 5 ms rise/fall times, and ranged in level from 47 to 55 dB dBA SPL in 2-dB steps. The target signal tone with a high probability of occurrence was either 800 Hz ͑for nϭ3:1 old, 2 young͒ or 1200 Hz ͑nϭ6:3 old, 3 young͒, these being assigned at random across listeners in order to minimize the effects of any idiosyncratic spectral perturbations in the response characteristics of the earphones at the target signal and probe frequencies. It should be noted, however, that any peculiar uneven spot in the sensitivity of the earphone in the spectral regions of interest in this experiment would have matched effects on the stimulus tones and on the surrounding masking noise, and this should thus preserve the local signalto-noise ratio across listeners. There were eight infrequent probe tones, spaced at four 25-Hz intervals for 100 Hz on either side of the frequent signal, and always presented at 49 dBA SPL, the same as one of the target signal levels. The tones were also generated by the AP 2 card, transduced by a second D/A converter, attenuated by a second PA 4, added to the noise through the signal mixer and the headphone buffer, and finally delivered binaurally to the earphones. Responses were measured by the listeners' pressing one of two raised response buttons on a small aluminum box (18ϫ13 ϫ5 cm 3 ), and were recorded to the nearest ms, the time interval beginning with the onset of the tone. The response buttons, made of translucent red plastic that could be illuminated, were placed 3 cm in from the sides on the longer axis, so that they could be easily depressed with the right or left thumb. Stimulus presentation and response measurement were under computer control.
C. Procedure
All of the procedures were approved by the Research Subjects Review Board of the University of Rochester. The participants were first informed about the general conditions of the experiment, after which they read and signed the consent form. Their hearing was then measured and the experimental sessions began. The listeners sat comfortably in a double-walled sound booth ͑Industrial Acoustics Corporation, approx. 2ϫ2ϫ2 m 3 ͒, holding the response box. They were informed that different tones would be presented in the noise always at one particular interval, but that some trials would be blank. If they heard a tone they were to press the right button as quickly as possible, but if the noise ended and they had not heard the tone, then they were to press the left button to indicate that they had not heard a tone on that trial. If they pressed the ''Yes'' button on a blank trial, then that button would be briefly illuminated. They worked for 1 h each day for 2 to 5 days, this depending on their availability, and for each hour they were paid $7.50. On each day they received six blocks of trials separated by a 2-5-min break. Each block began with a series of ''warm-up'' trials in which only the target signal tone was presented at 49, 51, 53, and 55 dBA, each three times in random order within blocks of trials. This introduction led seamlessly into the experimental series of trials which contained a total of ten presentations each of the target signal tone ͑i.e., 800 or 1200 Hz for different listeners͒ at 47, 51, 53, and 55 dBA; five presentations each of the target signal and a selection of four of the eight possible off-frequency probes ͑i.e., spanning the range of 700 to 900 Hz, or 1100 to 1300 Hz͒ all at 49 dBA; and five no-stimulus catch trials. By the end of each daily session every listener had received a total of 294 target signals at four different levels, 47, 51, 53, and 55 dBA ͑12 in the warm-up series, 240 in the experimental series͒; 48 target signals at 49 dBA ͑18 warm-up, 30 experimental͒; and 15 of each of the eight probes, varying from the target signal frequency by Ϯ25, 50, 75, and 100 Hz, all at 49 dBA ͑these all presented in the experimental series͒. Their instructions were to press the right hand ''yes'' button whenever they heard any tone, doing this as quickly as possible while trying to keep the numbers of red lights on blank trials to a minimum, and to press the left hand ''no'' button if the noise ended without their hearing a tone. The observation periods were presented at a minimum 2 s after noise offset on the preceding trial if the response occurred before noise offset; or 2 s after the response for later responses; or after a maximum of 6 s after noise offset if the listener did not respond. Only the ''yes'' response latencies were used in these analyses, and responses with a latency of less than 170 ms had both the choice and the latency discarded at the end of the experiment as being too fast to have been evoked by the signal. There were 130 ''yes'' responses in this discarded group, compared to a total of 6066 that had acceptable latencies. Each of these response latencies ͑RL ms͒ was converted to a response speed (RSϭ100/RL ms), which had less markedly skewed distributions. Figure 1 presents the thresholds in dB HL for each frequency for each of the four elderly listeners, listing their age on the right side of the figure, for the ear that was more sensitive in their particular band of the experimental stimuli ͑500-1000 Hz for the 82-year-old listener, 1000-1500 Hz for the others͒. The average threshold in this band was 9.4 dB HL ͑range 5-14 dB͒ for the better ear and 13.8 dB HL ͑range 9-18 dB͒ for the ear with less sensitivity. The most elderly participant had the greatest hearing loss, but the next oldest, at 67 years of age, had the best hearing overall. Comparison of these thresholds with the age-and gender-specific ranges provided by Morrell et al. ͑1996͒ indicates that all lie within the center interquartile range for age-related hearing loss. All members of the younger group had thresholds within Ϯ10 dB HL across all frequencies, and from ϩ2 to Ϫ10 dB HL within the band of their experimental stimuli. While our measure of hearing thresholds across the standard frequencies used in the audiogram does not guarantee the absence of limited spectral regions in which our research participants may have had idiosyncratic differences in sensitivity, if there were any such localized perturbations in sensitivity, they should affect both the stimulus tones and the surrounding noise and thus have no effect on the signal-tonoise ratios across listeners. Figure 2 presents the mean detection of the target signals in the upper graph and the mean speeds in the lower graph. Both measures smoothly diminished with decreasing signal level with significant linear trends for detection probability and speeds, and an additional significant quadratic trend for probability, pϽ0.0001. Signal level accounted for 87% of the variance in detection (Fϭ55.19, d f ϭ4/28, pϽ0.0001) and 91% of the variance in speeds (Fϭ77.55, d f ϭ4/28, p Ͻ0.0001). There were no significant age effects on either measure of detection nor were there significant differences in the false alarm rate. It may be noted that the 49-dB level of the target signal provides the comparison for the probe stimuli in the subsequent analyses and here the two groups were near identical in their detection rate, at 68.2% in the young and 70.7% in the older listeners. The visual indication of an apparently stable age-related speed difference resulted because two of the five young listeners consistently responded very rapidly, while the others responded at the same mean speed as the older listeners ͑for the overall group difference favoring the younger group, pϭ0.2͒. One feature of the speed scores is their sensitivity to stimulus levels above the point of asymptotic 100% detection as all of the listeners, young and old alike, responded more rapidly to the 55-dB signal compared to the 53-dB signal: means (SEM)ϭ0.240 ͑0.011͒ and 0.218 ͑0.011͒, rϭ0.96, paired t(8)ϭ6.86, p ϭ0.0001, and, indeed, all adjacent points were significantly different for both groups combined (pϽ0.01). This feature of the speed scores results simply because there is no significant upper limit on response speeds as there is no detection rate, and thus differences in speed across conditions can provide additional information about relative stimulus salience that is not evident in probability measures. Figure 3͑a͒ shows the mean probability of detection ͑ϮSEM͒ for the probe stimuli in the young and elderly listeners as a function of the deviation of the probes from the target signals measured in Hz, with all stimuli presented at the same 49 dB SPL level. Both groups of listeners exhibit the standard pattern of signal detection that is produced by manipulating their anticipation of the spectral location of the target signal, this yielding a systematic decline in detection as the off-frequency probe tones increasingly deviated from the target signal. In the analysis of variance the effect of spectral frequency on stimulus detection was highly significant ͑Fϭ22.72, d f ϭ8/56, pϽ0.0001, R 2 ϭ0.76͒ but all effects of age had FϽ1.0. When the data were combined over both groups the adjacent means between 0-Hz deviation to 75-Hz deviation were all significantly different (pϽ0.01). The detection probabilities for each of the individual listeners is shown in Figs. 3͑b͒ and ͑c͒. To obtain greater stability in these single-subject data the two sides of the detection patterns for each listener were averaged to obtain the onesided means, on the assumption that the filters are symmetric in this spectral range. The x axis was transformed as a relative deviation from the signal frequency, using the formula gϭ͓(probe tone frequencyϪtarget signal tone frequency)/ target signal tone frequency͔, and the y axis was normalized so that the detection data for each listener were expressed as a relative proportion of the difference between that person's detection level of the target signal and their false alarm rate. These data are depicted offset horizontally from each other, together with one-sided listening band filters for each sub- ject, these derived from the formula Y (g)ϭ(1ϩpg)e Ϫpg , following . Figure 3͑b͒ shows the individual filter shapes and the detection data for each of the five younger listeners and Fig. 3͑c͒ shows the individual filter shapes and detection data for each of the four elderly listeners ͑the symbols on this plot are the same as those used to denote the different listeners in Fig. 1͒ . The relative equivalent rectangular band ͑expressed as a proportion of the center frequency, rERBϭERB/target signal tone frequency͒ can be derived from the above formula as ERBϭ4 ͑target signal tonal frequency/p͒, which yields a mean rERB ͑ϮSEM͒ for the young listeners of 0.114Ϯ0.015, and for older listeners a mean rERB of 0.107Ϯ0.014. The fit between the calculated filter shapes and the obtained detection probabilities ranged across subjects from a low of R 2 ϭ0.77 to a high of R 2 ϭ0.99 ͑both values obtained in elderly listeners͒: the mean R 2 ͑SEM͒ for the young group was 0.91 ͑0.03͒, and for the elderly group 0.84 ͑0.05͒. Thus, rather than showing that elderly listeners have a broader ERB than the young, as had been anticipated, the difference between the groups actually favors the elderly listeners, though by a small and nonsignificant amount. The interpretation of this obtained difference is best founded in the observation that the 90% confidence interval for the obtained difference ͑which is a 95% CI for the hypothesis that the elderly group had the wider ERB͒ has an upper limit of ϩ0.137, as this indicates that the elderly listener can be reasonably assumed to have a relative ERB that could be at most only about 20% wider than that of the younger listener. Indeed, given these data, if there were any difference in bandwidth favoring the younger listener, there is a 50% probability that it is less than 10%. Figure 4 shows mean response speeds ͑ϮSEM͒ for the two groups for the trials on which the probes were detected, the x axis being again the simple deviation of the probe tones from the target signal in Hz. Overall it can be seen that response speeds declined with the increasing deviation of the probe from the signal, but the attentional filter for response speed depicted in Fig. 4 appears to be more variable and less sharply peaked than that for detection, as depicted in Fig.  3͑a͒ . Although the mean speeds were generally higher in the younger listeners, their standard errors overlapped with the older groups, as did the distributions of individuals within the groups: again, this difference between the groups should be attributed to the two very fast young responders, the three others providing scores that were intermingled with those of the older listeners. In the analysis of variance of these data the main effect of probe frequency yielded F(8/56)ϭ11.67, pϽ0.0001, R 2 ϭ0.59, while no effects involving age were significant (pϾ0.3). There was no obvious difference in the shape of the response speed functions between the two groups, and although these functions are not inconsistent with a rounded exponential function, their variability precluded formal curve fitting from which an rERB could be derived. In comparing the apparently different effects of increasing deviation of the probe from the target signal on the two response measures in the contrast of Fig. 4 with Fig.  3͑a͒ , it should be appreciated that response speeds are obtained only for those probe stimuli that had been detected. It is then interesting to find that both groups responded significantly more rapidly to detected target signals than they did to detected probes when the probes deviated from the target signal by 50 Hz or more ͑for the two groups combined all pϽ0.001 according to Dunnett's test͒.
III. RESULTS
A. Hearing thresholds
B. Age and signal level and the detection of frequently presented target signals
C. Age and tonal frequency and the detection of rarely presented probes
D. The relative specificity of the listening bands for detection rate and speed
Figure 5 presents the means ͑ϮSEM͒ for the simple nontransformed percent detection scores and the response speeds as a function of the absolute deviation in Hz of the probes from the target signal, the data combined across age groups and across the two sides of the detection pattern in order to provide the most stable data points. Mean percent detection and the mean speed scores for the target signal frequency presented at 47 dB ͑2 dB below that of the probes͒ are also presented on this graph. Although the speed function had a different shape than that of detection, being relatively more shallow for probes close to the frequency of the signal but falling off more steeply for the most disparate probe, both functions indicate that deviations between 25 and 50 Hz FIG. 4 . Mean response speeds ͑ϮSEM for between group comparisons͒ on successful detection trials for the signal at 49 dB and for the off-frequency probes at the same level that deviated from the signal by Ϯ25 to 100 Hz for the younger listeners and the older listeners.
FIG. 5. Mean response speed and detection rate ͑ϮSEM͒ summed over the two groups of listeners and the probes at absolute deviant frequencies above and below the target signal; the horizontal lines provide the mean detection rate ͑solid͒ and the mean response speed ͑dotted͒ for the target signal tone presented at a level 2 dB below that of the probes ͑see Fig. 2͒. away from the signal are the equivalent of a 2-dB attenuation in signal level. This 2-dB value agrees with that found by Dai et al. ͑1991, Fig. 2, p. 2839͒ for the detection of probes surrounding 1-kHz targets, those data obtained in the more usual 2AFC procedure. Finding similar levels of attenuation for both detection rate and speed suggests that the attentional mechanism has had its attenuating effect on the effective level of the probes even on these trials for which the probe was detected, though it is also possible that the unfamiliarity of the detected probe rather than its apparent level diminished the speed of the response.
IV. DISCUSSION
The major outcome of this study is that the functions relating detection and response speed to off-frequency probe detection in elderly listeners were nearly identical to those of a younger group, both showing the same systematic decrease in the detection of the probe as its tonal frequency deviated away from that of the more commonly presented target signal. These data reveal that the attentional filter and the frequency selectivity that it provides for simple sinusoids presented in background noise do not significantly deteriorate in the aged listener. Further, we can reasonably assert from the analysis of confidence intervals that if there is any difference at all in the relative width of the ERB favoring the younger listener, it can be at most a difference of about 20%, and there are even odds that it is less than 10%. Thus we may conclude that this form of selective auditory attention is well preserved in elderly listeners. One cautionary note is that the number of older subjects in this sample was small and homogeneous in composition, as all enjoyed the same academic background and shared a scholarly interest in the outcome of this research. This may suggest that their proficiency in the probe-signal task was not typical of the general population, but, on the other hand, their hearing thresholds for tonal stimuli across the spectrum approximated those of their age norms, and so they cannot be said to have generally superior auditory abilities.
The rationale for the present study of the effects of age on the attentional filter derived in part from the data showing that its bandwidth depends on the integrity of the olivocochlear bundle ͑Scharf et al., 1994 and in part from other reports that the effectiveness of the olivocochlear bundle deteriorates with age ͑Castor et Kim et al., 2002͒ , these together yielding the hypothesis that the attention band would be wider in older listeners. The potential importance of this work in adding to our understanding of the functional bases of presbycusis was underlined by the demonstration that deficits in OCB activity are also linked to deficits in phoneme recognition in noise ͑Giraud et al., 1997͒. But then, given this empirical context, how is the present failure to find any effect of age on the attention band to be understood? And, given these negative results, must we now conclude that changes in the attention band with age do not at all contribute to the pathogenesis of presbycusis?
One clear implication of this unexpected result is that selective listening and noise suppression of otoacoustic emissions seem not in fact to be strongly related phenomena. There are several ways in which this assertion can be interpreted, some more plausible that others. The most simple hypothesis is that in contrast to the suppression of otoacoustic emissions, selective listening does not depend on OCB function after all. However, this conjecture seems to be effectively countered by the weight of the published evidence provided by Scharf and his colleagues ͑1994, 1997͒ showing that this efferent control system is essential for the acute selectivity of the attention band. But a more subtle and plausible distinction might be made between the two phenomena, for it is at least possible that they depend on different aspects of OCB function. The effect of coincident noise on the strength of otoacoustic emissions for tones is entirely due to the inhibitory effect of the crossed medial branch of the OCB on outer hair cell activity. It may be that this particular branch of the OCB or its activation at the auditory periphery is particularly sensitive to age, or it may be that otoacoustic emissions are very sensitive to just modest changes in OCB function. These hypotheses are consistent with the data provided by Kim et al. ͑2002͒ , who found deficits in contralateral noise suppression of emissions in middle-aged as well as elderly listeners. In contrast, perhaps widening of the attention band is apparent only when the OCB is completely disrupted, as it would be following a vestibular neurotomy ͑Scharf et al., 1994, 1997͒ . A further complication is introduced by the fact that the crossed branch is solely responsible for the suppression of otoacoustic emissions, but both the crossed and the uncrossed branches of the OCB are severed by a vestibular neurotomy: perhaps both branches of the OCB contribute to selective attention, and perhaps its lateral uncrossed branch is less affected by age. It is also possible that while the function of the OCB evoked at the brainstem level by external noise is diminished during passive listening, its central activation is maintained in the elderly listener who is engaged in an active listening task.
There is another explanation of our failure to find an age effect, which is that typically elderly listeners with normal sensitivity for their age hear very well for predictable materials in good listening environments. We should emphasize that in the present experiment the listening conditions were optimal for focusing attention on the target signal, because its tonal frequency was highly predictable, it always occurred at a set delay time after noise onset, and this time was long enough to allow the listener to prepare for its appearance. Other studies have shown that the deleterious effects of age on perception often emerge when the test conditions are less favorable, for example, in listening to complex speech stimuli rather than simple sinusoids ͑Patterson et al., 1982͒, for nonpredictable compared to predictable speech ͑Dubno et al., 1984͒, and for time-compressed speech, especially in the absence of sensible context ͑Wingfield, 1996͒. The present experimental results show only that the basic neural machinery necessary for selective auditory attention under optimal conditions appears to be present and fully functional in the aged listener. Future work should seek to extend this finding, perhaps by varying the listener's uncertainty about which of several potential signals might occur in any particular trial ͑Macmillan and Schwartz, 1975; Schlauch and Hafter, 1991͒ , and by providing either less preparation time between the onset of the masking noise and the signal ͑Dai and Buus, 1991͒, or by varying the preparation time within trial blocks so as to introduce temporal as well as spectral uncertainty into the task.
Our main rationale for measuring response speed was to test a prediction that similar attention like effects should be obtained for both detection rate and response speed for probe stimuli with increasing spectral separation from the target signal, which derives from the hypothesis that the OCB attenuates the probes compared to the target signal at the level of the cochlea receptor. In fact, although the overall shapes of the two response functions were different, as could be expected because the speed scores were obtained only for probes that were detected, the early decrements in response speeds and detection were similarly affected by the change in signal frequency. This was seen in the observation that for both measures the 2-dB down points appeared at between 25 and 50 Hz away from the signal. However, for the most extreme probe, 100 Hz away from the signal, there was a very sharp decline in response speed. ͑There was no companion decrement in the detection of this probe compared to its neighbor, but detection was already at a near chance level.͒ Although this terminal difference in speeds versus detection rate may indicate some disparity between the functions relating the two measures to stimulus level, it is also possible that these response speeds were affected by the unfamiliarity of this probe when it was occasionally detected.
V. CONCLUSIONS
The present modification of the probe-signal method demonstrates that the listening or selective attention band approximates the shape of the auditory filter obtained in the typical notched noise experiments, as has been noted previously ͑Scharf et al., 1987; shows also that when the infrequent probe stimuli are detected, then they are responded to relatively slowly. The surprising finding is that the specificity of the filter developed by elderly listeners in their attending to the spectral region within the masking noise that surrounds the target signal is virtually identical to that observed in younger listeners. The attention band depends on the integrity of the efferent olivocochlear bundle, and the demonstrated strength of the attentional effect in these elderly listeners apparently runs counter to the reports that the OCB is less effective in the aged. It may be that selective attention is less demanding of OCB activity than is noise-evoked suppression of otoacoustic emissions; or that the two branches of the OCB play different roles in these two phenomena; or, otherwise, that in contrast to peripheral noise evocation, central control of the auditory efferents remains robust and fully functional in the aged. However, decrements in selective attention may appear under more realistic and less optimal listening conditions, in which two or more target signals appear in the observation period with equal probability, having presentation times that vary unpredictably or provide a minimal opportunity for preparation. If deficits were to appear under these more complex conditions, it would then be appropriate to examine the relationship between selective attention and direct measures of speech recognition in difficult listening conditions in elderly listeners.
